Acute changes in intermediary metabolism in cerebellum and contralateral hemisphere following middle cerebral artery occlusion in rat.
Focal ischemia leads to functional deafferentation of regions connected to the ischemic area via fiber tracts. Using i.v. administration of 13C-labeled glucose and acetate combined with ex vivo 13C MR spectroscopy and HPLC of brain extracts we identify the effect of middle cerebral artery occlusion (MCAO) on neurotransmitter synthesis and turnover, and on neuro-astrocytic interactions in the non-ischemic cerebellum and in contralesional lateral caudoputamen plus lower parietal cortex (LPC), and upper frontoparietal cortex (UFPCx) in the rat after 30, 60, 120 and 240 min of ischemia. In all regions, there was a significant persisting loss of glutamate, and in LCP and UFPCx also of glutamine, but only in LCP was GABA reduced at all times. Metabolism and blood flow were uncoupled in all regions. In cerebellum, glucose metabolism as well as utilization of intermediates derived from astrocytic tricarboxylic acid cycle activity were significantly decreased at all times in both glutamatergic and GABAergic neurons. In LCP and UFPCx, there were normal or increased enrichment in glutamate and GABA from glucose. Glutamate derived from astrocytic acetate metabolism was increased, but GABA synthesis from acetate was initially impaired. The results showed that both the type of afferent connection, i.e., glutamatergic and/or GABAergic, and local cytoarchitecture, determined the effect MCAO had on metabolic activity in the non-ischemic regions. In conclusion, it was primarily excitatory input into non-ischemic regions that was affected by MCAO, perhaps enabling resetting of the excitatory/inhibitory balance, aiding reshaping of the receptive fields and thus facilitating recovery.